The growth of a fetus in an undernourished intrauterine environment is considered to result in adaptive fetal programming or metabolic imprinting with permanent changes in structure, metabolism, and physiology of fetal organs. These changes lead to pathophysiologic consequences later in life. [1] [2] [3] [4] Although the strength of the relation has been questioned, five studies world-wide have linked low birth weight to increased risk of cardiometabolic risk factors, cardiovascular (CV) disease, and type 2 diabetes. 5-8 Recently, we also reported the relationship of low birth weight to cardiometabolic risk factors and arterial stiffness depicted by brachial-ankle pulse wave velocity, an indicator of regional arterial stiffness. 9-13 However, information is scant on the relationship between birth weight and pulsatile behavior of the vasculature.
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The growth of a fetus in an undernourished intrauterine environment is considered to result in adaptive fetal programming or metabolic imprinting with permanent changes in structure, metabolism, and physiology of fetal organs. These changes lead to pathophysiologic consequences later in life. [1] [2] [3] [4] Although the strength of the relation has been questioned, five studies world-wide have linked low birth weight to increased risk of cardiometabolic risk factors, cardiovascular (CV) disease, and type 2 diabetes. [5] [6] [7] [8] Recently, we also reported the relationship of low birth weight to cardiometabolic risk factors and arterial stiffness depicted by brachial-ankle pulse wave velocity, an indicator of regional arterial stiffness. [9] [10] [11] [12] [13] However, information is scant on the relationship between birth weight and pulsatile behavior of the vasculature.
Pulsatile arterial function measures arterial elasticity by analyzing noninvasively derived diastolic pulse contour waveform in terms of large artery (capacitive) compliance, small artery (oscillatory or reflective) compliance, and systemic vascular resistance. It is an independent predictor of CV risk and mortality. [14] [15] [16] [17] Recent studies have shown that alterations in the pulsatile behavior of the vasculature may be a sensitive marker to detect vascular dysfunction related to CV risk factors. [18] [19] [20] [21] [22] Thus, studies of pulsatile behavior, which can be obtained noninvasively, can help to examine the role of birth weight in relation to CV risk.
As part of the Bogalusa Heart Study, a community-based investigation of early natural history of CV disease, 23 the present study examines the influence of low birth weight on pulsatile arterial function in asymptomatic younger adults.
Methods
Study population. In the community (65% white and 35% black) of Bogalusa, LA a survey of 1, 200 
Background
Low birth weight, an indictor of intrauterine growth restriction, is associated with adult cardiovascular (CV) disease, type 2 diabetes, and adverse levels of CV risk factors. Impaired pulsatile arterial function is also an independent predictor of early vascular damage and related CV outcome. However, information is scant regarding the influence of low birth weight on pulsatile arterial function.
Methods
The study cohort consisted of 538 black and white subjects (29% black, 42% male) aged 18-44 years (mean 36.7 years) enrolled in the Bogalusa Heart Study. Subjects were categorized into low birth weight and normal birth weight. Pulsatile arterial function was assessed in terms of large artery compliance, small artery compliance, and systemic vascular resistance by noninvasive radial artery pressure pulse contour analysis.
results
Blacks and females had significantly lower birth weight compared to their counterparts. Low vs. normal birth weight group had lower large artery compliance (13.3 ml/mm Hg × 10 vs. 15.5 ml/mm Hg × 10, P = 0.0002). Further, after adjusting for age, race, and sex, the large artery compliance increased across quartiles of increasing birth weight specific for race, sex, and gestational age (P for trend = 0.03). In multivariate regression model, adding race, sex, age, body surface area, systolic blood pressure, diastolic blood pressure, triglycerides/ high-density lipoprotein cholesterol ratio one by one, the effect was attenuated but significant (β = −0.067, P = 0.033).
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Birth Weight and Pulsatile Arterial Function arterial compliance measurements, birth weight information, and other CV risk factor variable data available. The participants who were singletons born with 37-44 weeks of pregnancy within were included. The exclusion of 92 subjects who were born premature and had diabetes, and no fasting blood sample resulted in 538 eligible participants (29% black, 42% male, aged 18-44 years, mean 36.7 years). Birth weight data and gestational age from menstrual history were retrieved from Louisiana State birth certificates. The institutional review board of Tulane University Medical Center approved the study. Informed consent was obtained from all participants.
Low birth weight and normal birth weight groups were selected from the eligible cohort according to birth weight percentile cut points. Subject (n = 53) who had gestational age-adjusted birth weight in each race-sex specific below 10th percentile (white males <2.892 kg, white females <2.807 kg, black males <2.720, and black females <2.542 kg) were categorized as low birth weight group; those (n = 429) in the normal range of 10th and 90th percentile (white males 2.892 to <4.089, white females 2.807 to <3.955, black males 2.720 to <3.797, and black females 2.542 to <3.586) as normal birth weight group.
General examination. Standardized techniques and protocols were used by trained field observers. Height and weight were measured twice to 0.1 cm and 0.1 kg, respectively and mean values used. Body mass index was calculated as weight in kilograms divided by the square of height in meters and used as a measure of overall adiposity. Body surface area was calculated as square root of weight in kilograms times height in centimeters divided by 3,600. Information on smoking status was obtained by questionnaires. Those who smoked at least one cigarette per week during the past 1 year or more were identified as current smokers, the rest as nonsmokers.
Laboratory analysis. Subjects were instructed to fast for 12 h before screening, and the compliance was determined by interview on the morning of examination. Serum cholesterol and triglycerides were assayed using an enzymatic procedure on the Hitachi 902 Automatic Analyzer (Roche Diagnostics, Indianapolis, IN). Serum lipoprotein cholesterols were analyzed using a combination of heparin-calcium precipitation and agar-agarose gel electrophoresis procedures. 24 The laboratory has been monitored for precision and accuracy of lipid measurements by the surveillance program of the Centers for Disease Control and Prevention (Atlanta, GA). Plasma glucose levels were measured by a glucose oxidase method as part of a multiple chemistry profile. A commercial radioimmunoassay kit was used for measuring plasma immunoreactive insulin levels (Pharmacia Diagnostics, Piscataway, NJ). As an index of insulin resistance homeostasis model assessment of insulin resistance was calculated according to the formula: 25 fasting insulin (µU/ml) × fasting glucose (mmol/l)/22.5.
Pulsatile arterial function measurements. Radial arterial pulse pressure waveforms were recorded by an acoustic transducer using the HDI/Pulse Wave CR-2000 Research Cardiovascular Profiling System (Hypertension Diagnostics, Eagan, MN). 26 A wrist stabilizer was used to gently immobilize the right wrist and stabilize the radial artery during measurements. For each subject in the supine position, pressure waveforms were recorded for 30 s, digitized at 200 samples per second and stored in a computer. A modified Windkessel model of the circulation was used to match the diastolic pressure decay of the waveforms and to quantify changes in arterial waveform morphology in terms of large artery (capacitive) compliance, representative of the aorta and major branches, and small artery (oscillatory) compliance, representative of the distal part of the circulation including the arteriolar bed and systemic vascular resistance. 26, 27 Four measurements were taken for each subject: two repeated measurements followed by separation of sensor from the tonometer for a 5 min rest of subjects and then an additional two repeated measurements. The means of four values were used in the analyses. Although, method of HDI/Pulse Wave CR-2000 Research Cardiovascular System remains controversial, 28, 29 the reproducibility of the measured variables was comparable to previous and recent studied. 15, 17, 26, 27, 30 Statistical analyses. All analyses were conducted using SAS software, version 9.1 (SAS Institute, Cary, NC). Analysis of variance for race-sex differences in mean values of risk factor variables and pulsatile arterial function, and χ 2 -test for categorical variable were used. Because of a strong association between gestational age and birth weight, birth weight was adjusted to the mean values of gestational age in each race-sex group by regression analysis models. However, the mean values of unadjusted birth weight were given in Table 1 for description. For categorical analysis, quartiles of gestational age-adjusted birth weight were defined by using cutoff points in race-sex groups. Covariates-adjusted mean values of large artery compliance was calculated by general linear model and used for trend analysis by quartiles of birth weight. Triglycerides/high-density lipoprotein cholesterol ratio, homeostasis model assessment of insulin resistance, and pulsatile arterial function were log transformation to approach normality. All analyses were performed on transformed data where appropriate. Partial Pearson correlation adjusted for race and sex was used for the relationship of arterial compliance and birth weight with risk factor variables. Series of regression analysis were used to determine the independent association of gestational age-adjusted birth weight with pulsatile arterial function in relation to measured CV risk factor variables. Initially model was adjusted for early risk factors such as race and sex. Then model was repeated several times to control mediators and or CV risk factors of adult life. Interaction between birth weight and body mass index was also assessed in separate model.
results
Mean levels and selected percentiles of birth weight by racesex are shown in Table 1 . Blacks and females had lower birth weight compared to whites (P < 0.0001) and males (P = 0.008).
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Birth Weight and Pulsatile Arterial Function
Mean levels of measures of pulsatile arterial function along with anthropometric, hemodynamic, and metabolic variables in the study cohort are presented in Table 2 by birth weight category. There were no significant differences in risk factor variables except homeostasis model assessment of insulin resistance (P = 0.04) between low and normal birth weight groups. With respect to pulsatile arterial function, low vs. normal birth weight group had lower large arterial compliances (P = 0.0002). However, small artery compliance and systemic vascular resistance did not show difference between the groups. Table 3 shows correlations of pulsatile arterial function to birth weight group and CV risk factor variables. Low birth weight was significantly and negatively correlated to large artery compliance (P < 0.001). Body surface area was positively related to both large and small artery compliances and inversely to systemic vascular resistance (P < 0.0001). Age, systolic and diastolic BP were related inversely to both large and small artery compliances and positively to systemic vascular resistance (P < 0.01-0.0001). Triglycerides/high-density lipoprotein cholesterol ratio was related inversely to large and small artery compliances (P < 0.05-0.01). Homeostasis model assessment of insulin resistance was inversely related to systemic vascular resistance only (P < 0.0001). Smoking related negatively and body mass index positively small artery compliance and these relationships were just opposite for systemic vascular resistance. original contributions
As a categorical variable, increasing birth weight by quartiles significantly and positively associated with large artery compliance (P for trend = 0.03), after adjusting for race, sex, and age (Figure 1) . No such significant trend was noted for small artery compliance (data not shown).
Independent predictors of measures of pulsatile arterial function were identified by series of multivariate regression model ( Table 4 ). In the initial regression model, low birth weight was significantly correlated with lower large artery compliance (β = −0.146, P = 0.0003). After adding late life CV risk factors and or mediators the relation between low birth weight and large artery compliance was attenuated but significant (β = −0.067, P = 0.033). With respect to small artery compliance and systemic vascular resistance, similar techniques were used and we did not find the significant effect of birth weight on small artery compliance and systemic vascular resistance.
discussion
The ability to identify functional alterations of the vasculature due to intrauterine growth restriction is helpful to CV risk assessment at a preclinical stage. Using a noninvasive diastolic pulse contour analysis, the present study in asymptomatic young adults, demonstrates that low birth weight is independently associated with impaired large artery compliance but not small artery compliance and systemic vascular resistance. This study from a community-based cohort of younger adults free from the confounding effect of advancing age and selection bias of a patient population is noteworthy in that it is in accord with the emerging evidence supporting the concept of intrauterine imprinting and its pathophysiologic consequences including the CV system enunciated by the fetal origin or thrifty phenotype hypothesis. 3 Further, no comparable data linking low birth weight adversely to arterial pulsatile function in younger population are available.
The observed positive association between birth weight and large artery compliance, independent of gestational age and traditional CV risk factors, is consistent with previous studies, in terms of augmentation index and and pulsatile arterial function among children, adolescent and young adults. 8, [31] [32] [33] [34] However, inconsistent results were also observed in previous studies including Atherosclerosis Risk in Young Adults (ARYA) study. 35, 36 Although the ARYA study expected the inverse outcome; it found positive association with birth weight and inverse association with gestational age. Recently, it had been reported the low birth weight and nonobese status in youth had higher pulse wave reflection, but in presence of obesity the strength of relationship was attenuated. 37 In contrast, in our subgroup analysis as expected showed that low birth weight and obese had significantly lower large artery compliance compared to nonobese low birth weight, and nonobese and obese normal birth weight groups. However, we did not observe the association of low birth weight and obesity on small artery compliance and systemic vascular resistance.
As advancing age, increases in blood pressure and other CV risk factors adversely impact on the pulsatile arterial function, we controlled for CV risk factors. The potential mechanism linking low birth weight to impaired large artery compliance noted in our study includes the impairment of synthesis of elastin and changes in collagen in large arteries during the period of intrauterine growth retardation in low birth weight babies, leading to permanent changes in the mechanical properties of these vessels. 38, 39 In addition, structural adaptations in the walls of large arteries occur in response to alteration in Doppler blood flow velocity waveforms under condition of intrauterine growth retardation. 40 The lack of association between birth weight and small artery compliance in this study may be due to the fact that the association between birth weight and compliance is stronger in the elastic artery than the muscular artery. 8, 40 The cross-sectional nature of this observational study cannot address the issue of underlying mechanisms over time.
In summary, full term pregnancy low birth weight is independently associated with impaired large artery compliance in asymptomatic younger adults, thereby highlighting the adverse CV risk associated with low birth weight in this group. Noninvasive arterial pressure pulse contour assessment has become helpful in evaluating early vascular damage on young individual and supports early presentation. Covariates included race, sex, and age.
